Background: Combination of metformin to reduce the fasting plasma glucose level and an α-glucosidase inhibitor to decrease the postprandial glucose level is expected to generate a complementary effect. We compared the efficacy and safety of a fixed-dose combination of voglibose plus metformin (vogmet) with metformin monotherapy in drug-naïve newly-diagnosed type 2 diabetes mellitus. Methods: A total of 187 eligible patients aged 20 to 70 years, with a glycosylated hemoglobin (HbA1c) level of 7.0% to 11.0%, were randomized into either vogmet or metformin treatments for 24 weeks. A change in the HbA1c level from baseline was measured at week 24. Results: The reduction in the levels of HbA1c was −1.62%±0.07% in the vogmet group and −1.31%±0.07% in the metformin group (P=0.003), and significantly more vogmet-treated patients achieved the target HbA1c levels of <6.5% (P=0.002) or <7% (P=0.039). Glycemic variability was also significantly improved with vogmet treatment, estimated by M-values (P=0.004). Gastrointestinal adverse events and hypoglycemia (%) were numerically lower in the vogmet-treated group. Moreover, a significant weight loss was observed with vogmet treatment compared with metformin (−1.63 kg vs. −0.86 kg, P=0.039).
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is characterized by chronic hyperglycemia with insulin resistance and inadequate insulin secretion. It is a major global health problem, with over 382 million people affected in 2013. T2DM is associated with various microvascular and macrovascular complications, which worsen the quality of life and cause more than 5.1 million deaths annually worldwide [1] . Therefore the ultimate goal of managing diabetes mellitus is to reduce the morbidity and the mortality from diabetic complications with intensive glycemic control [2] .
Most patients need antidiabetic medication to achieve the recommended target level of glycosylated hemoglobin (HbA1c) in addition to lifestyle modifications. Of the several antihyperglycemic agents that are currently available, metformin-a biguanide-is generally considered the first-choice oral antihyperglycemic drug (OAD) in patients with failure of lifestyle modifications. Metformin is chosen for its antihyperglycemic efficacy, favorable effect on body weight, low risk of hypoglycemia, and cost benefit. However, if metformin monotherapy fails to achieve adequate glycemic control, many guidelines [3] [4] [5] recommend adding a second agent such as sulfonylurea, dipeptidyl peptidase 4 inhibitor, sodium-glucose cotransporter 2 inhibitor or α-glucosidase inhibitor (AGI). Selection of appropriate drug combinations can be tailored depending on the patient's condition, but a combination of drugs with different mechanisms of action is preferred to bring about their synergistic effect [6] .
AGIs act by delaying the absorption of carbohydrates in the intestines. They are most effective in reducing postprandial hyperglycemia, and are widely used in many Asian countries where the main staple food is rice. Such a high carbohydrate diet increases the chance of postprandial hyperglycemia, therefore, the use of AGIs could probably attenuate postprandial hyperglycemia [7, 8] . Changes in postprandial glucose (PPG) often precede changes in fasting plasma glucose (FPG) in the natural history of T2DM [9, 10] , and while the contribution of FPG to the HbA1c level is dominant in poorly controlled patients with T2DM, the contribution of PPG tends to dominate as HbA1c improves. Thus, managing the levels of PPG as well as FPG is critical in achieving adequate glycemic control [10] .
Given this background, a combination of metformin to reduce the FPG level and an AGI to decrease the PPG level is expected to generate a complementary effect. Indeed, miglitol in combination with metformin reduced the HbA1c level more effectively than did metformin monotherapy in patients for whom T2DM was insufficiently controlled by diet alone [11] . Several other studies reported that either acarbose add-on therapy in metformin-treated patients [12] [13] [14] or metformin add-on therapy in acarbose-treated patients could reduce HbA1c levels effectively [15] . However, there are no reports of studies evaluating the efficacy of a combination of metformin and voglibose as an initial therapy in patients with newly diagnosed T2DM.
One study compared three available AGIs in treatment-naïve patients with T2DM and concluded that voglibose had the best efficacy and safety profile [16] , reinforcing the rationale for the development of a fixed-dose combination (FDC) drug of voglibose and metformin. The concept of an oral hypoglycemic FDC-as opposed to loose-pill combinations-could have certain benefits for enhancing patient compliance, which might contribute to improved clinical efficacy, as well as potentially reducing the costs incurred by managing the complications that can arise from suboptimal glycemic control [17] . Therefore, we aimed to investigate vogmet, an FDC of voglibose plus metformin, as an alternative initial therapy for patients with T2DM. Phase 1 and 2 studies were carried out in healthy male volunteers to evaluate the pharmacokinetic and pharmacodynamic properties of metformin and voglibose, and demonstrated that there was no interaction between the two drugs, and that the loose-pill combination and the FDC of voglibose and metformin were biologically equivalent [18, 19] .
In this phase 3 trial, vogmet and metformin were administered orally to subjects with drug-naïve newly diagnosed T2DM for 24 weeks to compare the therapeutic efficacy and safety of vogmet with metformin monotherapy.
Conclusion:
Vogmet is a safe antihyperglycemic agent that controls blood glucose level effectively, yields weight loss, and is superior to metformin in terms of various key glycemic parameters without increasing the risk of hypoglycemia. 
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METHODS
Overview
This was a multicenter, randomized, double-blind, and parallel-group study conducted in Korean patients in 21 centers across Korea. The study was designed in accordance with the principles stated in the Declaration of Helsinki, and the protocol was reviewed and approved by the independent ethics committees and/or the Institutional Review Board for each of the study sites (IRB no. B-1012/117-001). The study protocol has been registered at ClinicalTrials.gov (https://clinicaltrials. gov; NCT01370707).
Study participants
Eligible subjects were patients with T2DM and inadequate glycemic control, aged between 20 and 70 years at screening. All the included patients had a body mass index <30 kg/m 2 , an HbA1c level of 7% to 11%, and all of them were drug-naïve, which means no OAD for more than 7 days for at least 8 weeks prior to the screening visit.
Exclusion criteria for the subjects included: a history of type 1 diabetes mellitus; a requirement for insulin therapy; acute or chronic metabolic acidosis including lactic acidosis or diabetic ketoacidosis; any cardiovascular disease (congestive heart failure, unstable angina, acute myocardial infarction, or arrhythmia); chronic gastrointestinal diseases with digestive and/or absorptive disorders; severe infections, surgical procedures, or severe trauma; a history of substance or alcohol abuse within 1 year; hypersensitivity to biguanides or AGIs; hypopituitarism or hypocortisolism; cancers; hyperthyroidism; requirement for corticosteroid treatment; HbA1c <7% or >11% and FPG >270 mg/dL; serum creatinine >1.5 mg/dL in male subjects and 1.4 mg/dL in female subjects; alanine aminotransferase or aspartate aminotransferase values >2.5-fold the upper limit of normal; systolic blood pressure >150 mm Hg; diastolic blood pressure >90 mm Hg; subjects working night shifts; female subjects with the potential to become pregnant, currently breastfeeding, or not using medically acceptable contraception (e.g., contraceptive pills, hormone injections, intrauterine devices, condoms); or participation in other clinical trials during the 3 months before enrollment.
Study design
After they had provided written, informed consent, eligible patients with T2DM at screening were assigned to enter a singleblind placebo run-in period and were reevaluated after 2 weeks. After completing the placebo run-in period, only patients who had an HbA1c level of 7.0% to 11.0%, and adequate compliance (>85% as assessed by tablet counts) during the placebo run-in period were allowed to continue. Patients were stratified based on their HbA1c level (<8% or ≥8%), and were randomized at a 1:1 ratio to receive either vogmet or metformin for 24 weeks.
Drugs were taken orally three times a day (t.i.d.) or two times a day (b.i.d.) before meals, with a single dose escalation at weeks 4, 8, or 12, if the average fasting blood glucose (FBG) level was ≥126 mg/dL, and that dosage was maintained for the remainder of the treatment period. Patients initially receiving vogmet 0.2/250 mg t.i.d. were dose-escalated to vogmet 0.2/500 mg t.i.d., and patients receiving metformin 500 mg b.i.d. were dose-escalated to metformin 500 mg t.i.d., when necessary. To maintain blinding, each patient also took corresponding vogmet-matched or metformin-matched placebo tablets.
Patients were asked to visit their study site every 4 weeks after screening, until the study ended at 24 weeks. They were instructed not to take the study drugs on the morning of their scheduled visit, and fasted for at least 10 hours before it. Patients were also instructed to monitor and record their daily blood level at 2-hour after eating (2h-PPG) using a finger stick glucometer. The average FPG was calculated using the average self-monitored blood glucose (SMBG) level measured before each meal and before bedtime during the 3 days prior to the scheduled hospital visits.
For measuring glycemic variability, we used seven time points of glycemic monitoring, mean SMBG levels, and M-values. The M-value attempts to provide, an expression of both the mean glucose value and the effect of glucose fluctuation in a single numerical value and calculated following previous studies [20, 21] .
Efficacy and safety assessments
The primary endpoint was a change in the HbA1c level at week 24 compared with baseline. The key secondary end points were changes in the levels of HbA1c, FPG, and 2h-PPG at weeks 4, 8, 12, 18 , and 24 compared with baseline. Other secondary efficacy end points also included the percentage of patients achieving glycemic targets (HbA1c <7% or <6.5%) at week 24, and glycemic variability at week 8, 18, and 24 compared with baseline.
Safety and tolerability were evaluated by examining several safety parameters. Data from physical examinations, vital signs, laboratory evaluations, and body weight were recorded at each visit. Any adverse events (AEs) were monitored throughout the study along with any adverse drug reactions (ADRs), and serious adverse events (SAEs), and were rated by the investigators for intensity and any association with the study drugs. In particular, the occurrence of gastrointestinal AEs and hypoglycemic events were recorded.
Statistical analysis
The primary efficacy analysis evaluated whether vogmet was superior to metformin in terms of HbA1c percentage changes from baseline to week 24. The efficacy endpoint was analyzed using analysis of covariance (ANCOVA), with treatments as factors and baseline levels as covariates. The least-squares mean (LS mean) differences and 95% confidence intervals between the two groups were estimated using ANCOVA. Vogmet was judged to be more effective than metformin monotherapy in reducing the level of HbA1c if the P value calculated from ANCOVA for the different treatment groups was <0.05.
Category variables, such as AEs and other safety parameters, were analyzed in terms of the percentage of patients in whom they occurred. Summary statistics were recorded for continuous variables, such as laboratory test results, vital signs and body weight. Differences in mean results before and after drug administration were analyzed using paired Student's t-tests or McNemar's test, and any differences between the two treatment groups were analyzed using unpaired t-tests or Wilcoxon's rank-sum test.
Efficacy analyses were based on the intention-to-treat (ITT) population, which included all patients for whom data were available at baseline and at least one postrandomization time point. Safety and tolerability were analyzed in the all-patientsas-treated population, which included all patients who received at least one dose of a study drug. We used SAS version 9.2 (SAS Institute, Cary, NC, USA) for data analysis, and missing data points were imputed using the last-observation-carried-forward method.
RESULTS
Patient baseline characteristics and disposition
A total of 187 subjects were stratified based on their HbA1c level, and were randomized to a 1:1 ratio (95 vogmet, 92 metformin), to receive one of the study drugs after the 2-week placebo run-in period ( Figs. 1 and 2 ). Selected baseline demographic and clinical data are summarized in Table 1 , demonstrating that there were no statistically significant differences between the two treatment groups in their baseline characteristics. After randomization, 160 patients (85.6%) completed the study and 172 patients were included in the ITT population. 
Efficacy
We evaluated the changes in HbA1c, FPG, and 2h-PPG levels, and glycemic variability during the 24-week treatment period. At week 24, a decrease in the HbA1c level compared with baseline was statistically significant (P<0.001) for both treatment groups: −1.62%±0.07% in the vogmet group, and −1.31%± 0.07% in the metformin group (Fig. 3A) . The LS mean treatment difference for the HbA1c level between vogmet and metformin was -0.31% (P=0.003), demonstrating that vogmet, administered orally for 24 weeks, was more effective than metformin monotherapy in lowering the HbA1c level. In the subgroup of subjects whose metformin dosage was 500 mg t.i. , and 24) compared with baseline were statistically significant (P<0.001) for both groups, and significant between-group differences in HbA1c were observed as early as 8 weeks after randomization and continued to increase through week 24 ( Fig. 3B) . At week 24, the proportion of subjects reaching the HbA1c target level of <6.5% in the vogmet group was 50%, which was significantly greater (P<0.01) compared with 26.2% in metformin group (Fig. 3C) . The proportion of subjects reaching the HbA1c target level of <7% was also significantly larger (P<0.05) in the vogmet group (79.6%) compared with the metformin group (64.3%), indicating that a higher proportion of subjects was able to achieve their target HbA1c levels in the vogmet group compared with the metformin group. During 24-week treatment, the drug compliance was comparable between vogmet group and metformin group (89.0%±17.5% vs. 87.6%±19.5%, P=0.603). The final dosage of metformin was slightly higher in metformin group than vogmet group (1,322.4±166.1 mg vs. 1,208.8±263.1 mg, P<0.001).
Similarly, there was a significant reduction in the FPG level after treatment with the study drugs. Decreases in the FPG levels at each visit compared with baseline were statistically significant (P<0.001) for both groups; again, the changes were statistically greater for the vogmet group compared with the metformin group (P=0.004) at weeks 8, 12, 18, and 24 (Fig. 3D) .
Changes in 2h-PPG levels were larger in the vogmet group (-52.89 mg/dL) compared with the metformin group (-45.63 mg/dL); however, the between-group difference was not statistically significant (Fig. 3E) .
For the measurements of glycemic variability at the 7-point capillary glucose profile obtained from the SMBG level, we ob- served less fluctuation in the FBG level after treatment compared with baseline, along with a decrease in FBG concentrations for both treatment groups (Fig. 4A) . At week 24, the LS mean differences in the mean FBG concentration calculated from the SMBG were -43.93 mg/dL in the vogmet group and -34.47 mg/dL in metformin group with a significant (P= 0.005) between-treatment difference of -9.48 mg/dL (Fig. 4B) . The M-values after 24 weeks were 5.73 and 9.85 mg/dL, and the changes in M-value from baseline were -16.1 and -13.03 mg/dL for the vogmet and metformin groups, respectively (Fig. 4C) . Again, the decrease in M-value after 24 weeks was significantly (P=0.024) greater in the vogmet group compared with the metformin group (Fig. 4D) . Body weight decreased in both treatment groups. The LS mean differences from baseline in at 24 weeks were -1.63 and -0.86 kg in the vogmet and metformin groups, respectively (Fig. 5) . The between-treatment difference was statistically significant (P<0.05).
Safety and tolerability
Overall, both vogmet and metformin were well tolerated in this study. The incidence of AEs, ADRs, and SAEs were similar between the two treatment groups ( Table 2 ). The most frequently reported AEs in both groups were gastrointestinal disorders, most of which were mild. Among the gastrointestinal AEs, the most frequent were 25 cases of dyspepsia in the vogmet group and 37 cases of diarrhea in the metformin group. The frequencies of diarrhea, nausea, and upper abdominal pain were numerically lower in the vogmet group compared with the metformin group. No severe hypoglycemic AEs were reported. The incidence of hypoglycemia was slightly higher in the metformin group with three patients versus one receiving vogmet, but the difference was not statistically significant. There were 42 ADRs in the vogmet group and 63 in the metformin group. Two patients in the vogmet group and seven in the metformin group experienced SAEs during the treatment (spinal column stenosis, unstable angina, cellulitis, contusion, open wound, traumatic lung injury, bronchiectasis, mycobac- terial infection, or acute appendicitis). However, all were judged to be unrelated to the study drug. Finally, there were no significant abnormalities in laboratory test results, in vital signs, or in the physical examination during the study (data not shown). 
DISCUSSION
This 24-week double-blind study compared the efficacy and safety of vogmet with metformin monotherapy in Korean patients with T2DM and with inadequate glycemic control on diet and exercise. Vogmet provided better reductions in HbA1c and FPG levels from baseline compared with metformin, and greater proportions of patients in the vogmet group met the HbA1c target levels of HbA1c <7% or <6.5% at week 24. These results are similar to the values reported by Goldstein et al. in a study evaluating the effect of initial combination therapy with sitagliptin and metformin [22] , illustrating that the combination of metformin and an AGI might be as effective as the combination of metformin with a DPP-4 inhibitor. Vogmet, a FDC of voglibose and metformin, was developed as an initial therapy for patients with T2DM. Because the combination of an AGI and metformin is ideal in terms of simultaneously controlling two pathological mechanisms of T2DM, the elevation of FPG and postprandial hyperglycemia [8, 23] , we believed that vogmet could be a good option in initial therapy for subjects with T2DM. Nevertheless, although the combined administration of two or more active ingredients shows a more effective pharmacological action, there is a problem in that the active ingredients might exacerbate side effects and increase the risk of complications compared with a single drug administration. Consequently, this study was designed to test whether an FDC of voglibose and a lower than conventional dosage of metformin (750 mg/day in vogmet vs. 1,000 to 1,500 mg/day in traditional metformin monotherapy regimen), could manage glycemic parameters effectively, improve patient compliance, and show comparable gastrointestinal AEs profile. The aims of this study were successfully proven.
The greater reduction in glycemic parameters observed in the vogmet group is consistent in lowering the PPG as well as the FPG concentrations contribute to the HbA1c level. Because voglibose is an AGI that can reduce the PPG level very effectively, a greater HbA1c reduction with vogmet treatment can be explained by a synergistic effect of the combination therapy on glycemic control. Further, we could assume that a reduction in the PPG level leads to decreased overall glucose toxicity, which then results in an improved FPG level [10, 24] . In addition, vogmet treatment also significantly reduced FPG than metformin. In this study, the treatment of vogmet induced more body weight loss than metformin monotherapy did. As body weight reduction can reduce insulin resistance [25] , hepatic glucose production might be effectively suppressed and as a result FPG levels were decreased after vogmet treatment. Based on this knowledge, it can be expected to control the progression of diabetes mellitus through simultaneous regulation of the FPG and PPG levels. This would be applicable particularly for patients with early stage T2DM, in light of a report that regulating the PPG concentration has a bigger influence on the HbA1c level in patients even whose blood glucose level is relatively well regulated (HbA1c <7.5%) [24, 26] .
The measurement of glycemic variability has been considered to contribute macrovascular complications of diabetes mellitus. Glycemic variability is a complex phenomenon that includes both intra-and interday variability, and several approaches have been developed for quantifying it [20, 27, 28] . In this study, we used seven-time points of glycemic monitoring, mean SMBG levels, and M-values for measuring glycemic variability. The M-value is zero in healthy controls, rising with increasing glycemic variability or poorer glycemic control so that M-values of 0 to 19 are defined as 'good, ' ≥19 to 32 as 'fair, ' and ≥32 as 'poor' [20, 21] . All three methods of evaluation showed improved glycemic control for both groups compared with baseline. The M-values changed from 28.14 to 8.16 in the vogmet group, and from 28.57 to 12.43 in metformin group, indicating that they improved from being 'fair' to 'good' in both treatments, and this suggests that both treatments were effective in reducing glycemic variability. Further, the changes in the mean SMBG levels and M-values were significantly greater in the vogmet group than in the metformin group at week 24, showing that vogmet therapy provided lesser glucose fluctuation.
Similar to other studies using combinations of metformin with an AGI, which reported no increase in gastrointestinal AEs [14, 15] , both treatments in our study were well tolerated overall with no major safety concerns. It is particularly interesting to note that, although some gastrointestinal AEs were expected for both voglibose and metformin, their incidence did not increase with the combination of the two drugs. On the other hand, the incidence decreased with vogmet, possibly because of enhanced tolerability brought about by the lower mean dose of metformin in vogmet FDC. Therefore, it can be expected that vogmet treatment might not only increase drug compliance but also reduce incidence of gastrointestinal AEs. For diarrhea, metformin monotherapy group showed numerically higher incidence than vogmet group. This result would be related with higher dose of metformin in monotherapy group.
It is also notable that only one case of hypoglycemia was recorded in the vogmet group, whereas three cases were noted in the metformin group. This data might be related with the potential role of AGI on reducing reactive hypoglycemia [29, 30] . This supports the idea that vogmet is as safe as metformin therapy.
AGIs are thought generally to have a neutral effect on body weight [31, 32] , whereas metformin is associated with mild weight reduction in overweight and obese patients with T2DM [33, 34] . Interestingly, in our study there were statistically significant differences in body weight reductions between the vogmet and metformin groups. This was a favorable outcome, adding support for vogmet as a more effective option for considering that majority of individuals with T2DM are overweight or obese. The possible mechanisms of weight reduction in vogmet group might be related to improved microbiota after delayed carbohydrate passage into the small intestine [35] , or decreased caloric intake [24, 36] . However, the underlying mechanism and its clinical relevance need to be examined further.
We also note that over the 24 weeks, the mean metformin dose during study period in the vogmet group was 1,208.81 mg while that of the metformin monotherapy group was 1,322.42 mg (P<0.001). The difference in the metformin dosage was statistically significant, indicating that vogmet showed better glucose lowering efficacy than the monotherapy, with a lower overall dose of metformin. Our data suggest that this lower than usual dosage of metformin in combination with voglibose would be sufficient for effective glycemic control for many patients with newly diagnosed T2DM.
The main limitation in this study was the lack of a voglibose monotherapy group. However, according to previous study performed in Korea to evaluate the efficacy of voglibose monotherapy compared to acarbose monotherapy, the glucose lowering effect of voglibose monotherapy was relatively low (δ change of HbA1c after 8-week treatment was 0.4%) [37] . Therefore, we expected that the decrease in HbA1c level produced by voglibose monotherapy would be much less than in the metformin monotherapy or vogmet groups.
In conclusion, treatment with vogmet as a FDC of voglibose and metformin provided superior glycemic control for HbA1c, 2h-PPG, and FPG levels, greater in weight loss, and less glycemic variability than did metformin monotherapy in this 24-week study on Korean patients with T2DM. Thus, there were clear benefits brought about by the complementary actions of the two active agents. Vogmet was well tolerated with similar incidences of gastrointestinal tract-related AEs and hypoglycemia as with metformin monotherapy, demonstrating that vogmet can be administered safely as an initial therapy to patients with T2DM.
CONFLICTS OF INTEREST
This study was designed and led by vogmet study group and funded by CJ Healthcare Co. 
AUTHOR CONTRIBUTIONS
